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ABSTRACT 

The preset invention relates an absf^ent material consisting of 
a molecular network of starch molecules, the starch molecules comprising an 
amytopecfln content of at least 90% (w/w). The molecular network can either be 
comprised of self-entangled starches or cross-linked starches. 
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TITLE OF THE INVENTION 

STARCH NETWORKS AS ABSORBENT OR SUPERABSORBENT 
MATERIALS AND THEIR PREPARATION BY EXTRUSION 

FIELD OF THE INVENTIOW 

5 The present Invention relates to starch networks as absorbent or 

superabsorbent materials as well as to the preparation of these starch networks by 
extrusion. 

BACKGROUND OF TI^IKVgHTIQN 

Superattsorbent polymers are primarily used as absorbents for 
10 .biotogk:al fluids, water and aqueous solutions. Water absorbent materials such as 
superabsorbent polymers can be employed in various applications, such as in disposable 
sanitary products (i.e. diapers, inccmtinenoe articles, female hygiene products, and 
absorbent dressfngs), household articles, sealing materials, humectants {i.e. agricuthiral 
products for soil conditioning), anti-condensation coatings, water-storing materials 
15 <agriculture/hoi1iculture), absorbent paper products, surgical absorbents, pet litter, 
bandages, wound dressings and as chemical absorbents. Fwtiiemnore. they can also be 
employed In at:^licati<Mis related to Uie transportation of fresh food or seafood, as weR as 
in food packaging appltcations. 

Polyacrylates, obtained fi'om the polymerization of monomers such 
20 as acrylic acids and acr^amldes (non-renewable sourods). constitute a rhajor portion of the 
commercially avaulable superabsori^ents (Modern Superabsorbent Polymer Technology, 
Buchholz F.L and Graham A.T. Eds., Wiley^VCH. New York. 1998). However, their 
biodegradability is questionable, especially for high molecular weight polymers. 
Polyacrylates generally contain small announts of reskiual monomeric starting materials (Le. 
25 acrylic ackjs and acrylamldes) possessing both toxic and allergenic potential. 

Superabsoriaent polysaccharide-based grafted-polymers are 
obtained via the grafting of an unsaturated monomer (acr^nitrile, acrylic acid, acrylamide) 
onto starch, or, less frequently, cellulose. The so-obtained polymers, also called "Super 
Slurper", have shown a water absorption ranging from 700 to 5300 g/g in deionised water, 
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and up to 140 g/g In a Q.9 % saBne sotution (Riccardo P.O., Water-Absorbent Polymers: 
A Patent Survey. J. Madromol. Set., Rev. MacromoL Chem. Phys., 1994, 607-662 and 
references cited therein). Despite their very high water absorption capedtHiity, the grafted 
polysaccharides, prepared by radical potymerizaiion, are not known to be biodegradable 
or hypoallergenic, nor are they prepared from renewable sources. 

Polyaspartates have also been described to offer good absorbing 
properties (Ross ef a/. US 5,612,384), However, polyaspartates appear to possess several 
drawbacks regarding their tow molecular weight. Moreover, polyaspartates are prepared 
from non-renewable sources which constitutes an additional dravAack (Koskan et al. US 
5,221,733), Furthermore, these polymers are strongly kmic and are thus subject to 
perfonnance fluctuations m saline solutions. 

Carboxymethylcellulose (CMC), and carboxymethylstarch (CMS) 
(Modern Superabsorbent Polymer Technotogy, Buchholz RL and Graham A.T. ed., VVUey- 
VCH, Toronto, 1998, 239-241; Gross ef a/. US 5,079,354; Amo et ei. US 4,117,222; 
Thornton et aL PCT WO 00/35504; Mindt et al. GB 1576475; Couture et el. CA 2.362,006; 
Annergren et at. PCT WO 00/21581) constitute other known polysaccha ride-based 
superabsorbents. Cost has always been an issue with ttiese superabsoribents, and they 
can therefore not be used atone m order to compete with the synthetic polymere. Moreover, 
these polymers are strongly ionic, as is the case for polyacrytat^ and polyaspartates, 
rendering them subject to performance fluctuations in saline solutions. Nonetheless, these 
products can be used in syn«gistic fbmtulations, leading to cost effective superabsorbent 
materials (Bergeron CA 2,426,478; Richman et aL US 4,454,055). 

Natural polysaccharide-based superabsorbents constitute a very 
attractive class of polymers, considering that they can be biodegradable and 
hypoallergenic, in addition to the fact that they are made from renewable sources such as 
starch. Polysaccharides have been previously used in an extrusion process for the 
preparaiion of non-wossBnked starch-based materials as absorbents for liquids (Hupp6 et 
al. CA 2,308,537). 

The use of extruders as continuous r^K^rs for processes such as 
polymerization, polymer modflicatkm or compatibilization of polymer blends, involves 
technologies that are gaining in popularity. These technologies are competing with 
conventional operations with respect to environmental consWeratkwis, efficiency and 
economic operators. In the case of reactive extrusion, several oiganic reactions can be 
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conducted in exbuders, incliKfing polymerization, grafting, copolymer formation, mofectdaur 
network fomrtation. crossltnktng. functtonalization and controlied degradation (Reactive 
Extrusion: Prindples and Pracfice. )fanttios M. Ed., HanserPublistiers, IMewYork, 1992). 
TItis technology lias been largely appHed in the preparation of polysaccharide-based 
products from renewable sources such as cross-fiidced staiohes. and in applications such 
as fbod texturing products (Salay E. etal., Starch/Staerke, 1990, 42. 15-17; Nabeshima E. 
H. etal.. Carbohydr. Polym., 2001, 45, 347-353; Narkmgsa W. ef a/., Starch/Staerke, 1992, 
44, 81-90; Chang Y.-H et aL J. Food Sci., 1992, 57. 203-205; Kim C.-T. ef ai, 
Starch/Staerite, 1999, 51. 280-286). However, none of the products cited are absorbent ch^ 
superabsorbent materiate. 

Cross-finked starcfies have been exhaustively studied (Kulicke W.M. 
etal. Starcb/Starke. 41, 1989, 140-146; Brine etal. PCT WO 01/19404A1: Ameye etal. US 
App. 2003/0143277: Seib et ai \N0 99/64508; Dunnoulin et ai PCT WO 98/35992). 
However, these cross-linked starches (gels) are not absorbent or superabsorbent 
materials. 

Glass-like polysaccharWe abrasive grits have been prepared by 
extrusion processes of native or crosslinked starches (Lane et al US 5,367,068). An 
extrusran process for the preparation of a natural gum substitute composed of cross-linked 
starch, using phosphorous oxychloride, has been di8ck>sed (Klauber et al. PCT WO 
97/00620). However, these products are once again not absorbent or superabsorbent 
materials. 

The preparation of absoitent materials consistir^ of crosslinked 
starch using trisodium trimetaphosphate in a co-continuous wat^-<»l system has been 
described (Feil et al. BP 0000807). In order to remove the oil and to recover the starch- 
phosphate derivative, an organic sohrent such as cyctohexane was added, followed by 
washing with ethanol. The use of oils and organic solvents are important drawbacks of this 
batch process. They dramatically increase the production cost of this absorbent, while 
simultaneously complicating the process. 

There ttius remains a need for new polysaccharide-based absorbent 
orsuperabsotiientmat^lsthatare non-abrasive, hypoaliergenic and biodegradable, and 
whteh can be cost-efiicientiy produced from renewable natural sources. 

The present invenfion seeks to meet tttese and other needs. 
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SUHWARYOFTH^INVgNrnON 

The present invention relates to a stan^-based absorbent or 
superabsorfoent material, v^erein the starch-based material comprises an amylopectin 
content of at least 90% (wei£^t/weight, referred to hereinafter as w/w). More specificaHy, 
the present inventa'on relates to an absorbent or superdbsoriaent material consisting of a 
molecular netwotk of starch molecules, tfie starch molecules comprising at least 90% (w/w) 
amyiopectin. The molecular netwodt of sterch molecules can be composed of either self- 
entengted starch molecules, or cross-linked starch molecules. 

The present invention also relates to an absorbent or 
s^perabsorbent material comprisaig a molecular network of starch oKriecules, wherein the 
matoriai is preferably a particulate material. 

In a first preferred embodiment, the present invenSon relates to a 
particulate absorbent or su^^rabsoibent material comprising a mc^cular network of sterch 
molecules, wherein the material has a cen^uge retention capacity (CRC) of at feast 10 g/g 
and a free swell capacity (FSC) of at least 13 g/g. 

FurBi^more, the present invention retetes to a process for preparing 
a starch-based absorbent or superabsort3ent material, wherein the sterrfi-based material 
comprises an amylopectin content of at least 90% (weightAveight, referred to hereinafter 
as w/w). More specifically, the present invention relates to a process for preparing an 
absorbent or superabsorijent material consisting of a molecular networic of sterch 
molecules, the starch molecules comprising at least 90% (w/w) amylopectin. In one 
particular embodiment, the process involves the steps of mixing a sterch comprising at 
least 90% amylopectin with water to produce a paste; feeding the paste into an extruder 
to produce an extrudate; agmg the extrudate; and grinding the extrudate. tn a further 
particular embodiment, the process involves the steps of mixing a sterch comprising at 
least 90% amylopectin virith water, an alkali and a cross-linking agent to produce a paste; 
feeding the based paste into an extnider to produce an extrudate; aging the exteJdate ; and 
grinding the extrudate. 

In a second preferred embodiment, the present inventton relates to 
an extrusion process for preparing a particufale absorisent or superabsorbent material 
comprising a moiecular nefwcHfc of sterch nKilecuIes. 
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Finally, the present Invention relate to an absorbent or 
siH[}^bsorbent mixture owr^siising a first absorbent or superabscvbent material consisting 
of a moiecular network of sten^ molecutes, the starch nnolecules comprising at least 90% 
(wAw) amylopecBn, and a second oo-6d»orbent component selected from the group of 
5 synthetic polymers, nnannose containing polysaccharides, ionic polysaccharides, and 
natural or synthetic fibers. 

Further scope and applicability will become apparent from the 
detailed description given hereinafter. It should be understood however, that this detailed 
description, while indication preferred embodiments of the invention, is given by way of 
1 0 illustration only, since various changes and modifications within the spirit and scope of the 
invention will become apparent to those skilled in the art 

BRIEF DESCRIPTION OF DRAWINGS 

Having thus generally described tiie invention, refierence will now be 
made to the accompanying drawings, shovwig by way of Qlustration a preferred 
15 embodiment thereof, and wherein: 

Rgure 1 illustrates a general diagram of an extruder (1 ) including a 
die plate (2). tn the case of a smgle screw extruder (SSE), the laarr^ comprises heating 
sections (Tbl, Tb2, Tb3, and Td); in the case of a twin screw extruder <TSE), the barrel 
comprises heating secttons (Tb1 , Tb2, Tb3, Tb4, Tb5, Tb6, Tb7, Tb8, and Td). 

20 Figure 2 illustrates various parameters <h1: feeding section flight 

depth; h2: pumping section flight depth; II: feeding section length; 12: pumping section 
length; Itot: total screw length; e: flight wtdtii; and b: screw pitch) involved in the screw 
design of SSEs. 

Figure 3 illustrates an embodiment of the die geometry as used wiB> 
25 SSE1 (described in table 1 ). In thte embodiment, the die opening diameter (3) was 8.5 mm; 
ttie total die length (4) was 1 1 1 mm; the length of the ban-el diameter opening (5) was 6.4 
mm; the extruder barrel diameter <6) was 44.5 mm; and the conical transition angles (7) 
were both 30°. 

Figure 4 illustrates an embodiment of the die geometry and vaive 
30 i^te cross-section as used for single screw extruder 2 (SSE2). The die is divided into an 
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opening plate (11). a valve plate (12) and a coupRng ptate (13) and in^es a valve (14) 
for flow rate adjustmerrts. In Oils embodiment, the die (H)en!ng diameter (3) was 8.5 mm; 
the total die length compnses flie length of the opening plate (8) (64 mm), the length of the 
valve plate (9) (25.4 mm), and the length of the coupling plate (10) (42 mm); the length of 
the banel diameter opening (5) was 6.4 mm; the extruder banrei diameter (6) was 44.5 mm; 
the conical transition angles (7) were both 30°; and the inner diameter (15) of the valve 
plate (9) was 25.4 mm. 

Figure 5 illustrates an embodiment of a twin lead feed screw 
element as used in the TSE. In this embodiment, the tuvin lead feed screw pitch (16) was 
50.8 mm; the flight width (17) was 1.5 mm; and the inner (18) and outer (19) diameters 
were 27.7 and 48.9 mm respectively. 

Figure 6 illustrates an embodiment of a single lead screw element 
as used In tiie TSE. In thb embodiment, the single lead screw pitch (21) vras 12.7 mm; the 
flight width (22) was 2.7 mm; the inner (18) and outer (20) diameters were 27.7 and 38.3 
mm respectively. 

Figure 7 illustrates an embodiment of a paddle block (25) as used 
in (he TSE, and includ^g seven single block elements having a fonivard steggering angle 
of 30^. In this embodiment, a single paddle block element (24) had a width (23) of 1 2.7 mm; 
the inner (18) and outer (19) diameters were 27.7 and 48.9 mm re^ctively. 

Figure 8 illustrates an embodiment of the die geometry as well as 
the die cross-section (29) (along line A-A) as used in the TSE. In this embodiment, the die 
had two openings (26) of 6 mm respectively; the spacing (28) between the die openings 
was 30 mm; the ultermost spacing (27) between the screw barrels was 89 mm; the barrel 
diameter (30) was 50 mm; the length of the cylindrical portion of the die (33) was 38 mm 
and its diameter (30) 30 mm; the length of the conical transition (34) from the cylindrical 
portion to the die opening was 20 mm; and the total extrudate volume (32) of the die was 
250 cm^. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions and abbreviations fsvmbols and units): 



The term "Free SweH Capacity" (FSC), also called absorptfon, is 
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expressed In grams <g) of substance 2d}sorfoed (0.9% NaCt solution) per gram (g) of dry 

The term "Centrifuge Retention Capaoty" (CRC), also called 
retention, Is expressed in grams (g) of substance absorbed (0.9% NaCI solution) per gram 
(g) of dry sample. 

The term "Residence Time" refers to the time taken by the material 
to get trough the extruder, liom the feed port to the die. The residence time is measured 
by adding a small quantity of material containing a coloring agent into the feed port. The 
c^ronome*er is started when the colorant enters the barrel and is stopped when coloratiOT 
is observed at the die exit 

The term "Extrudate Temperature" refers to the temperature of the 
material at ^e die exit ^ nneasured by a portable themiocouple phinged into one of the die 
openings. 

The term "starch" is understood as being composed of two 
polysaccharides; amylose and amylopeclin. Amylose is a linear polysaccharide having an 
average molecular weight of about 250,000 g/mot. Amylopecfin Is a branched 
polysaccharide (branching via 1,6-a-glucosidic links) having an average molecular weight 
of about 75,000,000 g/mol ("Starch: Chemistry and Technology", Whistler R.L., Bemlller 
J.N. and Pascball E.F. Eds., Academic Press, Orlando, 1984, page 287). In plants, 
amylopeclin is stocked in starch granules in a semi-crystalline form. When heated in the 
presence of water, starch gelatinizes. Ite semi-crystalline structure wilt change to an 
amorphous, chaotic state. 

T: ExlmdatB temperature (*C); Q : Screw rotational speed, expressed 
in RPM (revolutions per minute); Q: Extruder throughput (Kg/h); Qw»: Die extrusion 
throughput (Kg/h) (Fi^re 4); Tbi,: Temperature ("C) of barrel section X (Figure 1); Td: Die 
temperature (''C) (Figure 1); HP: hflotor power of extruder (Horse Power); Db: Extruder 
barrel diameter (mm) (Figure 1); hi: Feeding section flight depth (mm) (Figure 2); h2: 
Pumping section flight depth (mm) (Figure 2); Itot: Total screw length (mm) (Figure 2); 11: 
Feeding section iengtti (mm) (Figure 2); 12: Pumping section length (mm) Figure 2); b: 
Screw pitch (mm) (Figure 2); and e: Flight width (mm) (Figure 2). 

In a broad s^se, the present invention r^tes to a starch-based 
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absorbent or superabBorbent material, wherein the starch-based material is essentiaify 
composed of a motecular network of amylopectin molecules consisting of either self- 
entangled arr^lqpecfin molecules, cross-linked amylopectin molecules or a mixture of both 
self-entangled amylopectih molecules and cross-linked am^pectin molecules. 

5 It was previously illusb^ted by l-iupp6 et al. (CA 2,308,537) that it is 

possible to produce a starch-based absorbent hiaving low absorption perfomnances 
(reported to be 7.5 g/g in 0.9 % NaCI solution) by extmsion. As disclosed hereinafter, it was 
unexpectedly discovered that the absorption perfomriances of this extruded starch-based 
material can be significantly improved by increasing the am^opectin content to values in 
10 excess of 90% (w/w). 

Slarch-based absorbent or superabsorbent materials having a CRC 
of at least 10 g/g and a FSC of at least 13 g/g, are preferred, it was discovered that such 
starch-based absorbent or superabsoitent matenals can be obtained when comprising a 
molecular network of amylopectin molecules and wherein the am^opectin content is in 

15 excess of 90% (w/w). The molecular network of amylopect^ molecules should be 
consisting of either self-entangled amylopectin molecules or cross-linked amylopectin 
molecules, both of v^ich can be produced using an extrusion process. In cases wherein 
the extrudate ccmsists of cross-linked amylopectin molecules, the absorbent or 
superabsorbent hnaterial is obtained by cross-linking, aging and grinding the extrudate. 

20 Self-entangled starches can be produced by an extrusun process using a specific flow-die 
configuration, aging and grinding the extmdate. It was discovered that the desired 
molecular netmrk of amylopectin molecules can be obtained by extruding amylopectin with 
different cross-linkers, under alkaline conditions. Non-Rmiting examples of such cross- 
linkers include sodium trimetaphosphate, sodium tripoiyphosphate, phosphorous 

25 oxychlOTlde, epk;hk>rohydrin, diyinyl suifone, chlorohydrin, bromohydrin, N.N'- 
melhyienebisacryiamide, alkylenebisacrylamides, ethylene glycol diglycidyl ether, 
diepoxya8(anes. diglycidyl ethers, glyoxal, glutaraldehyde, dialdehydes, diactivated 
polyethylene glycols (Couture at al. CA 2,362,006), and mi)dure thereof. 

Examples 1 to 1 6 (Table 3) illustrate the effect of different extruded 
30 amylopectin/amylose blends on the FSC and CRC. The blends were obtained with a single 
screw extruder using a die (8.5mm diameter) at about MOX. These btends produced have 
an amylopectin content ranging from 72% (levels observed in common com starch) to 99% 
(levels observed 8i pure waxy com starch). The moistuie contmt of all blends was adjusted 
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to about 30%. The results illusbrate that blends having an aniylopecSn content of at least 
90% (wM) and produced using lower die flow rates (Q) provide for optimal performances. 

Typical starches possessing the required antylopectin content (90% w/w) 
are waxy starches. Waxy starches can be selected from the group consisting of waxy 
5 maize starch, waxy wheat starch, waxy rice starch, waxy sorghum starch, waxy potato 
starch, waxy cassava starch, waxy barley starch and mixtures thereof. A preferred waxy 
starch is waxy maize starch. 

Examples 17 and 18 (Table 4) show two amylopectin extrudates, both 
produced using an idantical extruder throughput "Q", but using a different die extrusion 
10 throughput "Qdie'. As illustrated In Figure 4, the die throughput (flow rate] is va^e- 
conf rolled. As can be observed from the experimental results, the use of a lower Qos value 
provides for an extrudate having agnificantly better FSC and CRC. 

The molecular network of cross-iinked amylopectin molecules is 
preferably produced using phosphates oross-linkera since these agents are very well suited 
15 to be used in extrusion processes, in addition to being biodegradable. Prefen-ed phosphate 
cross-linking agents are sodium trimetaphosphate, sodium tripolyphosphate and 
phosphorous oxychloride. These cross-linkers produce biodegradable phosphate diester 
linkages. A more preferred phosphate cross-linking agent is sodium tnmetaphosphate. 

It was discovered that concentrations of cross-linkers ranging from 0.001 
20 to 2.0 % (w/w on a dry starch basis withmit added nwisture) provide for molecular networks 
of cross-tinked amyk>pectin molecules having good FSC and CRC performances. In order 
to achieve efficient cross^nking, the cross-linkers ^ould be mixed with a small amount of 
alkali. Typical concentrations of alkali range from 0.001 to 2.0 % (w/w on a dry starch 
basis). Typical paste compositions shouki comprise a water content ranging from 25% to 
25 45% (w/w), an alkali content ranging from 0.001 to 2.0 % (w/w on a dry starch basis), a 
cross-linking agent content ranging from 0.001 to 2.0 % (w/w on a dry starch basis), the 
balance being a starch comprising an amylopectin content of at l^st 90 % (w/w). 

Non-limiting examples of alkalis Indude sodium hydroxkJe, potassium 
hydroxide, lithium hydroxide, nragnesium hydroxide, calcium hydroxide, beryllium 
30 hydroxide, ammonium hydroxkte, sodium carbonate, sodium bicarbonate, potassium 
carbonate, potassium bicarbonate, sodium acetate, potassium acetate, sodium phosphate. 
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sodium hydrogenopho^hate, poteissium phosphate, potassium hydrogenophosphate and 
mi}dure thereof. A preferred alkali is sodium hydroxide. 

Examples 19-25 (Table 5) illustrate various amytopectin extrudates 
produced with different cross-linking agents (also referred too as C-linker) in a twin screw 
extruder (die diameter of 6 mm) having a moisture content of 30%. As can be obsen/ed 
from the experimental results, the use of cross-linkers results in amylopectin extrudates 
having significantly better FSC and CRC performances. As can be concluded from tiie 
results shown in Table 5, the FSC and CRC perfomnances can be optimized using spedfic 
amounts of a given cross-lmker and NaOH (Examf^ 20, 23 and 25). 

An efficient extrusion process for ttie preparation of a starch-based 
absorbent or superabsorbent material, wherein the starch-based nraterial is essentially 
composed of a molecular network of amylopectin molecules, either consisting of self- 
entangled am;^ectin molecules or cross-linked amylopectin molecules, is obtained with 
starch-based starting materials tiiat are in the tom\ of a paste. The paste should be 
preferably both plastic-like and cohesive. A paste having the required plasticity is obtained 
when having a nwisture content ranging from 25-45% (w/w). 

Paste gelatinization using an extruder is a prerequisite to tfie 
development of a molecular network of amylopectin molecules, whether consisting of self- 
entangled amylopectin molecules or cross-linked am^pecfin molecules. Gelatinization is 
a process described as the melting of starch crystallites resulting in a chaotic molecular 
network upon completion ("Starch: Chemistry and Technology", Whistler R.L., Bemiller J.N. 
and Paschall E.F. Eds., Academic Press, Orlando, 1984, page 287). 

Gelatinization of a starch paste comprising a moisture content ranging 
from 26-45% (w/w), is preferably earned out using an extmdate temperature of at least 130 
"C. Such temperatures allow for a fully chaotic molecular network to develop. However, 
spedai precautions shouW be taken in order to avoki any starch degradation. Such 
degradation leads to extm^ difficulties In addition to provkling materials having reduced 
absorption performances. Starch degradation typically occurs at elevated extrusion 
temperatures and long resid^ce times in the extruder. 

The die extrusion throughput (Odb) has a direct anpacl on the absorption 
performances (FSC and CRC) of the extruded starch product, irrespective of whether the 
amyk)pectin component is setf-entangled or cross-linked. For extrudates comprising a s^- 
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entangled annyicqjectin component, the die ex^sion throughput is dependent on the 
particular die geometiy used. Indeed, many fiactois such as die hole diameter, die geometry 
and die length have a direct impact on the die extrusion throughput Generally, a lower die 
extrusion throughput leads to materials having better absorption performances. For 
extrudates con^rising a cross-iinked amylopectin component, ttie die extrusion throughput 
vM once again depend on the particular die geometiy used, in addition to being dependent 
an the cross-linlcer and alkali levels. 

It was unexpectedly discovered that starch-based absorbent or 
superabsorbent materials comprising a molecular network of amylopectin molecules that 
are either self-entangled or cross-linked can be efficiently obtained when using a proper 
combination of die extrusion throughput and die geometry. In a preferred embodiment, the 
die has the configuration as illustrated in Figures 3 and 4. Furthermore, as mentioned 
herein above, the die extrusion throughput has a direct impact on the absorption 
performances of the extruded product; lower die flow rates generally leading to extrudates 
having better absorption perfonrtances (FSC and CRC). 

A molecular network of amylopectm molecules, whether composed of 
self-entangled amylopectin molecules or cross-linked amylopectin molecules, can thus be 
efficiently obtained when considering both the die extruston throughput and die 
configuration. 

As can be observed from Table 6, an aging process is required in order 
to fuliy develop the FSC and CRC perfomiance of the cross-linked amylopectin extrudates. 
An aging period of 48 hours in a convection oven at GO^C is generally sufficient. However, 
special precautons should be taken in order to avoid any starch degradation. Once the 
aging process completed, the extrudate is ground to provide a particulate absort}ent 
material. Particulate materials are preferred since they can be readily mixed with other 
absorbent materials. 

The FSC and CRC for various particulate materials obtained from self- 
entangled amylopectin extrudates and cross-linked amylopectin extrudates are shown in 
Tables 7 and 8 respectively. In a preferred embodiment tiie particulate material obtained 
from self-entangled amytopectin e^dates and crMS-linked amylopectin extrudates has 
a parUcie size ranging from 89 to 589 microns (-30niesh/+170 mesh). It can be concluded 
from both Table 7 and 8, that good FSC and CRC characteristics are obtained with 
particles ranging in size fr«n 89 to 589 mfcrons. The particulate materials shown in Table 
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7 were obtiiined with a SSE hamng an 8.5 mm die diameter, whereas those shown in Table 

8 were obtained with a TSE having a 6 mm die diameter. 

Starch-based absorbent or superabsorbent materials comprising a 
molecuiar network of eifiier self-entangled or cross-linked amyiopectin molecules are useful 
in many applications. These materials are usually mixed with other co-absort)ent materials 
to produce absorbent mixtures or composites. The contribution of the amyiopectin 
component in these mixtures preferably ranges from 1 to 99% (w/w). Non-limiting examples 
of co-absorbents include, but are not limited to, synthetic superabsorbent polymers, 
mannose containing pcriysaccharides, ionic polysaccharides and fibers. The contribution 
of the co-absorbent(s) in these mixtures preferably ranges from 1 to 99% (w/w). 

The synttietic superabsorit>ent polymers as used herein, are obtained 
from the radical polymerization or tiie radical graft polymerization of nronomers, non-limiting 
examples of which include acrylic ackl, acrylate salts, acrylic ester, acrylic anhydride, 
methaciylte acid, methacrylate salts, methacryik; esters, methacrylic anhydride, malek^ 
anhydride, maleic salts, maleate esters, acrytamkte, acr^nitrile. vinyl ateoho). ^rinyl 
pyrrolidone, >flnyl acatete. Mnyl guanidine, s^partic add, aortic salts and mixture tfi^of. 

Non^imiting examples of mannose containing polysaccharides include 
guar gum, tara gum, kx»ist bean gimi, konjac, mesquHe gum, psylikim extracts, fenugreek 
ejrtracts and mixture thereof. 

The ionic polysaccharides that can be mixed with the self-entangled or 
cross-linked amyiopectin absorbent or superabsorbent include both cationic and anionic 
polysaccharides. In a particular en^diment, the absorbent or superabsorbent amyiopectin 
networks can be mixed with both cationic and anionic polysaccharides. In a preferred 
embodiment, the absort>ent or superabsorbent amyiopectin networics are mixed with an 
anionic polysaccharide. Non-limiting examples of anionic polysaccharides include 
carboxyalkyi polysacchemdes. carboxymethyl cellulose, carboxymethyl starch, oxidized 
polysaccharides, xanthan, can^geenans, pectin and mixtures thereof. 

The fibers can be either natural or synthetic. Non-limiting examples of 
fibers include cellulose, viscose, rayon, cellulose acetate, Nyion^", polyalkylenes, 
polyethylene, polypropylene, bi-component fBaers, polyesters, polylactides, 
potypropanediols. LyocelP, spha^um and mbchire thereof. 
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The absorbent or superabsorb«it materials of the present Invention can 
be empbyed in a variety of applications such as in di^pMJsable sanitary products (/.e. 
diapers, incontinence articies, feminine hygiene products, and absoit>ent dressings), 
household articles, sealing materials, fiumectants {Le. agricultural products for soil 
5 conditioning), anti-oondensatlon coatings, water~stc»ing materials (agricuKure/horScuKure), 
absortient paper product, suigicd absorbents, pet litter, bandages, wraund dressings and 
as chemical absorbents. Furthermore, they can also be employed in applications related 
to the transportation of fresh food or seafood, as wen as in food paclcaging applications. 
Moreover, the absorbent or superabsorbent matenals of the present invention can be 
10 employed to absorb a variety of liquids, non-limiting examples of which inc^de 
physiological fluids, saline solutions, water and aqueous solutions. 
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EXPERIMENTAL 

Materials 

Waxy maize starch having an amytopectjn content of at least 99%, 
and Common corn starch having an amylopecttn ccMitent of about 72%, were purchased 
5 from Cargill Corporation (gel #04230 and 03420 respeceveiy); 

Sodium Trimetaphosphate (95-97 %}, Epichlorohydrin (99 %), and 
N,N'-Methylenebisac[ylamlde (99 %} were purchased from Sigma-Aldrich; and 

Sodium Hydroxide (99 %) was purchased from Latoratoire MAT. 

Extruders 

10 Two different extniders, a single screw extruder (SSE) and a co- 

rota^g intermeshing twin screw extruder (TSE) were used (Tables 1 and 2). The Screw 
design for both the SSE and TSE configuration ts iltustrated below in Table 2. 



Table 1 : Single and Twin screw extruders. 











iiP 


t»Bret & 
S^ffiWdoKlan 


Di9 design 


SSE1 


Killion 


KLR 175 


45 


15 


F^ures 1,2 & 
Table 2 


Figure 3 


SSE2 


extruders 


Figures 1,2 & 
Table 2 


Figure 4 


TSE 


Baker Perkins 
Food 

Machinery 
IMvision 


MPF-50D 


50 


25 


Figures 1,5,6,7 
& Table 2 


Figure 8 
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Table 2 : Screw design for both the SSE and TSE configuration. 
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3 k 

i 








Configuration 


hi 


h2 


M 


12 


b 




e 




(mm) 


(mm> 


(mm) 


(mm) 


(mm) 


(mm) 


(mm) 


SSE1 


6.7 


2.8 


0 


0 


45 


1080 


4.5 


SSE2 


11 


5.1 


216 


540 


34 


1080 


4.5 




: 











Feed port 



Typeof elem^ 



Twin lead feed screw 



Single lead screw 



Single iead screw 



Description 



Figures 



Figure 6 



Figure 7 



Figure 6 



Number of elements 



21 (30" forward staggering 
angle) 



Grinder 

A Braun model KSM coffee grinder was used to grind the produced 

extrudate samples. 
Test methods 



As discussed In Modem Superabsorbent Polymer Technology 
(Buchhob F.L. and Graham AT. Eds., WUey^VCH, New York, 1998. section 4.6.1. SweHing 
Capacfly: Theory and Practice, p. 147), several methods of measurement are used in order 
to characterize the swelHng capacity of a polymer. In the field of superabsorbents, the 
Gravimetric Swelling Capacity [also called the Free Swell Capacity (FSC)] and the 
Centrifuge Capacity [also called the Centrifuge Retention Capacity (CRC)] are 
recommended methods. The FSC and the CRC were used to compare the sweying 
capacities of the obtained absorbent products. 
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Tea baos for FgC and CRC measurements 

Tea bags (6 x 6 (an) were made from heat seatebte Ahlstrom™ fRter 
paper (16.5 ± 0.5 g/m^. 

FSC measurements 

5 The Free Swell Capacity (FSC) In a 0.9% NaCI solution was 

determined according to the reconvnended test method 4402-02 ftom EDANA (Free Swell 
Capacity No. 4402-02. Recommended test Method: Sinierabsortrant materiate- 
Pcrfyacrytate superabsoit^nt powders-Free Swell Capacity in Saline by Grawnetric 
Determination, 2002). 

10 CRCmeasurementg 

The Centrifuge Retention Capacity (CRC) in a 0.9% NaCl solution 
was detennined according to the recommended test method 441.2-02 from EDANA 
(Centrifuge Retention Capacity No. 441.2-02, Recommended Test Method; 
Superabsorbent materials-Poiyacrylate superabsorbent powders-Detennination of Fluid 
1 5 Retention Capadty in Saline Solution After Centrifugation, 2002). 

Particle size for FSC and CRC measurements 

All the FSC and CRC measurements were canied out u^ng sieved products. Only particles 
ranging in size from 89 to 589 n^crons (-30 mesh/+l70 mesh) were used for the FSC and 
CRC measurements. 

20 EXAMPLES 1-16 

Table 3 illustrates the effect on the FSC and CRC of different 
amylopectin/amylose blends extruded through a 8.5mm diameter die. For each example, 
a paste was prepared by weighing 5 Kg of amytopectln/amylose blend (having a moisture 
content of atiout 9%), foUowwl by adding 1 .5 Kg of water to obtain a total moisture content 
25 of about 30%. The blends were prepared from common com starch having an arrrylopectin 
content of 72%, and waxy maize starch having an amylopectin content of at least 99%. The 
pastes were hand-fed into SSE1 having the following barrel/die temperature profile: 
Tbt=5Q*C, Tba=65''C, 11)3=1 SS'C, Td=135°C. The obtained exlrudates were subsequentiy 
aged for 2 days at SS'C m a cmvection oven and ground with a coffee grinder. As can be 
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concluded from the results shown in Table 3, amylopectin extruded at low flow rates 
provides extrudates having superior FSC and CRC characteristics. Furthemiore, stardies 
having an amylopectin content of at least 90%, provide extrudates having significantly 
improved FSC and CRC characteristics. 



Table 3 : Effect on the FSC and CRC of different amylopectin/amylose blends 
extruded through a 8.5mm diameter die. 





Blend preparation before adding water 
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137 
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33.3 


90 


43^ 










10 


66.7 
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140 


14.6 


7.9 


, 

11 


85.2 


14.8 


95 


15 
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141 


17.5 


12.4 
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14.8 
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16.6 


13.2 


13 
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16 
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21.6 
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EXAMPLES 17.1g 

Table 4 jllustiates the effect of the die extrusion throughput (Q«e) and 
the die geometiy on the FSC and CRC of the extaidates. The die extrusion throughput was 
controlled t>y a valve as illustrated in Figure 4. A molecular network of self-entangled starch 
5 was fomned with this die. For each example, a paste was prepared by weighing 5 Kg of a 
waxy maize starch (having a moisture content of about 9%), followed by adding 1 .5 Kg of 
water to obtain a total moisture content of about 30%. The pastes were hand-fed into 
SSE2, turning 30 RPM, and having the following barrel/die temperature profile; Tbi=50''C, 
TbasSS'C, TbaslSS'C, Td=135°C, The obtained extrudates were subsequently aged for 
10 2 days at 85'C in a convection oven and ground with a coffee grinder As can be concluded 
from the resulte shown in Table 4, a lower die extrusion throughput and using the die 
configuration as illustrated in Figure 4, provides extrudates having superkM* FSC and CRC 
characteristics. 

Table 4 : Effect of the die extrusion throughput (Qdie) on the FSC and 
15 CRC of tte extrudates. 

















17 




16.1 


15.1 


140 


15,5 


13.4 


18 


15.1 


4.5 


140 


ia9 


16.5 



EXAMPLES 19-25 

Table 5 illustrates the effect on the FSC and CRC of various 
amylopectin extrudates produced with or without crosslinking agent ( also refen'ed too as 

20 C-linker) using a TSE (die diameter of 6 mm). For each example, a paste was prepared by 
weighing 7 Kg of waxy maize starch (having a moisture content of about 9%), foltowed by 
adding 2.1 Kg of water to obtain a total moisture conf^t of about 30%. The pastes were 
fed into the TSE (tummg al 100 RPM) usmg a K-Tron TSS" volumetric feeder. When a 
cross-linking agent is used, the crossDnker Is first dissolved in the wafer, along with the 

25 appropriate amount of sodiion hydroxkle, prior to adding the water to the waxy maize 
starch. The TSE had the following barrel/die temperature profile: Tbi=43''C, Tb2=59*'C, 
Tb3=80*C. Tb4=108''C, Tb5=132«'C, Tb^'isrc, lbi^^m''0, TbfrlSO'C (the die was not 
heated). The obtained extrudates were subsequently aged for 2 days at ecc In a 
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convecfion oven and ground with a coffee grinder. As can be concluded from the results 
shown in Table 5, the FSC and CRC performances can be optimized using specific 
amounts of a given cross-iinl^er and NaOH (Examples 20, 23 and 25). 

Table 5 : Effect on the FSC and CRC of various amyiopectin extrudates produced 
5 with or without crosslinking agent. 
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C-linker' 


(weight C-linker or NaOH/ weight 
amyiopectin) X 100% 
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13.2 
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20 


21.2 


MBA 
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0.026 


140 


16.6 
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21 


29.4 
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136 
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1.7 


22 


31.3 


STMP 


0.13 


0025 


137 


16 0 


13.7 


23 


31.1 


STMP 


0.63 


0.025 


137 


20.2 


16 0 


24 


29.9 


STMP 


1.27 


0.025 


140 


20.0 


13.8 


25 |27.0 


ECH 


0.04 


O.04 


143 


17.7 


15.4 



*ECH: Epichlorohydrin; STMP: Sodium Trimetaphosphate: MBA: N.N'-Methytenebisacrylamide 

EXAMPLES 26-27 

Table 6 illustrates the effect of the aging process on the FSC and CRC 
of crosslinked amyiopectin extrudates. More specifically, crosslinked amylopectir* 

10 extrudates aged at room temperature and in a convection oven at 60°C, are illustrated. A 
paste was prepared by weighing 7 Kg of waxy maize starch {having a moisture content of 
about 9 %), followed by adding 2.1 Kg of an aqueous solution of sodium hydroxide (0.02% 
on a dry starch basis) comprising STMP (0,1% on a dry starch basis) to obtain a total 
moisture content of about 30 %. The paste was fed into the TSE (turning at 100 RPM) at 

15 33 Kg/h using a K-Tron T35™ volumetric feeder. The TSE had the following barrel/die 
temperature profile: Tbi=66°C, Tb2=79°C, Tb3=105°C, Tb4=144'C, Tb5=180°C, Tb6=196°C, 
Tb7=200''C, Tb8=204"C (the die was not heated). The extrudate temperature was 144°C. 
As can be concluded from the results shown in Table 6, for an identical extrudate, a shorter 
aging process at higher temperatures provides extrudates having superior FSC and CRC 

20 characteristics. 
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Table 6 : Effect of the aging process on the FSC and CRC of 
crosstinked amytopectin extrudates 



# 


Aging 

temperature 


Aging time 


FSC 


CRC 


26 


Room 

temperature 


240 hours 


16.7 


3.2 


27 


60"C 

. 


48 hours 


19.2 


13.4 



EXAMPLES 28-41 

5 Table 7 illustrates the effect of the particle size of ground amylopectin 

extrudates on the FSC and CRC. The extrudates were obtained using a SSE having an 8.5 
mm die diameter. The extrudate (obtained from example 14) was ground with a coffee 
grinder and sieved using a Tyler Rota-Tap^" test sieve shaker 

Table 7 : Effect of the particle size of ground amylopectin extrudates on the FSC 
10 and CRC. 



# 


Particle size 


FSC 


CRC 


Mesh 


Microns 


28 


+30 


>589 


10.3 


9.5 


29 
30 


-30/+40 
-40/+50 


417 to 589 
295 to 41 7 


15.9 il4.4 
19.1 |16.9 


31 


-50/+60 


246 to 295 


21.3 :i8.7 


32 


-60/+ 100 


147 to 246 


21.9 


18.7 


33 


-100/+170 


89 to 147 


17.4 


14.4 


34 


-170 


<89 


20.7 


10.5 



Table 8 illustrates the effect of the particle size of ground STMP 
crosslinked amylopectin extrudates on the FSC and CRC. The extrudates were obtained 
using a TSE having an 6 mm die diameter. The extrudate {obtained from example 22) was 
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ground with a coffee grinder and sieved using a Tyler Rota-Tap™ test sieve shaker. 



Table 8 : Effect of the particle size of ground STMP crosslinked amylopeclin 
extrudates on the FSC and CRC. 





Particle size 
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-30/+40 
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14.0 


37 
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15.8 


38 
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246 to 295 


18.9 


16.2 


39 


-60/+100 


1 — - 
147 to 246 


19.2 


15.5 


40 


-100/+170 


89 to 147 


18.4 


14.0 


;r 


-170 


.;89 


14.7 


7.4 



5 As can be concluded from the results shown in Tables 7 and 8, good 

FSC and CRC characteristics are obtained with particles ranging in size from 89 to 589 
microns. 

Although the present invention has been described hereinabove by way 
of preferred embodiments thereof, it can be modified without departing from the spirit, 
10 scope and nature of the subject invention, as defined in the appended claims. 
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CLAIMS: 

1 . An absorbent material consistmg of a molecular network of starch 
molecules, the starch molecules comprising at least 90% (w/w) an^pectin. 

2. The absort>ent material of claim 1 , wh^rn the molecular network 
comprises self-entangled starch. 

3. The atisorbent material of claim 1 , wherein the molecular network 
comprises cross-linl(ed starch. 

4. The absorbent material of claims 2 and 3, wherein said absorbent 
material is in particulate form. 

5. The absorbent material of claim 4, wh^in said particulate form 
corr^rises particles ranging m size from 89 to 589 microns. 

6. "Rie absorisent material of claim 5, having a centrifuge retention 
capacity of at least 10 g/g and a free swell capacity of at least 13 gig. 

7. The absorbent material of claims 2 and 3, wherein the molecular 
networi< is produced from a waxy starch. 

8. The absorbent material of claim 7. wriierein said waxy starch Is 
selected from the group consisting of waxy maize starch, waxy wheat starch, waxy rice 
sterch, waxy sorghum starch, waxy potato starch, waxy cassava starch, waxy bariey starch 
and mixture thereof. 

9. The absoft>ent material of claim 8, wherein said waxy starch is waxy 

maize starch. 

1 0. The absorbent material of claim 3, wherehi said cross-linlted starch 
Is cross-linked with a cross-linker selected from the group consisting of sodium 
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ti^etaphosphate, sodKimtripoi^>hosphale, phos(rfx»ous os^diloride, phosphoryl chloride, 
epichtorohydrin, dhrinyl sulfione. ethylene glycol diglyckM ether, chlondiydrfn, brorrK^ydrin. 
N,N'-Methylenebisacr^fT»de, atkyl^eblsacrylamides, diepoxyalkanes, diglycidyl ethers, 
glyoxal, glutaraldehyde, dlaldehydes. activated polyethylene glycols, and mbcture Qiereof. 

5 11. The absorbent material of claim 10, wherein the cross-linker is 

selected firom ttie group consisting of phosphorous oxychtoride, sodium trimetaphosphate, 
sodium tripolyphosphate and mixtures thereof. 

12. Ttie absorbent material of clavn 11, wherein the cross-tinker is 
sodium trimetaphosphate. 



10 1 3. A process for producing an absorbent material as defined in claim 2, 

comprising the steps of: 

(a) mixing a starch comprising at least 90% amylopectin with water 
to produce a paste; 

(b) feeding the paste into an extmder to produce an extrudate; 
15 (c) aging the extrudate; and 

(d) grinding the extrudate. 



14. A process for produdng an absorbent material as defined in clavn 3. 
comprising the steps of: 

(a) mixing a starch compristng at least 90 % amylopectin with water, 
20 an alkali and a cross-ilnking agent to produce a paste 

(b) feeding the paste into an extruder to produce an extrudate; 

(c) aging the extrudate; and 

(d) grinding the extrudate. 



15. A process as defined in claim 14, the paste comprising from 0.001 
25 to 2.0% (w/w) of the crossiinking agent. 



16. A process as defined In claim 14, Oie paste comprising from 0,(M)1 
to 2.0% (w/W) of the alkali. 
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17. A process as defined in clam 1 3 and 1 4, the starcii-based paste 
having a moisture content ranging from 25 % to 45 %. 

18. A process, as defined in claim 15. wherein the cross-linking agent is 
being selected from the group consisting of sodium trimetaphosphate, sodium 

5 tripolyphosphate, phosphor^ oxychloride, phosphorous chloride, epichlorohydrin, dtvinyl 
sutfone, chlorohydrin, bromc^iydiin, N,N'-Methylenebisacryl»nide, alkylenebisacrylamides, 
eth^ene glycol digtycidyl ether, diepoxyalkanes, diglycidyl ethers, glyoxal, glutaraidehyde, 
dialdehydes, activated poiyettiylene glycols and mixtures thereof. 

19. A process as defined in claim 1 8. whefein the cross-linking agent is 
10 being selected from the group consisting of sodium trimetaphosphate, sodium 

tripolyphosphates and phosphorous oxychloride. 

20. A process as defined in claim 19. wherein file cross-linking agent is 
sodium trimetaphosphate. 

21 . A process as defined m daim 16, wherein the alkaR lis being selected 
15 from Uie group consisting of sodium hydroxide, potassium hydroxide, litiiium hydroxide. 

magnesium hydroxkle, cateium hydroxide, ber^lium hydroxkie, ammonium hydroxide, 
sodium carbonate, sodium bk;art}onate, potassium carbonate, potassium bicarbonate, 
sodium acetate, potassium acetate, sodium phosphate, sodium hydrogenophosphate, 
potassium phosphate, potassium hydn^enophosphate and mixtures ttmeaf. 

20 22. A process, as defined in damn 18, wherein the alkali is sodium 

hydroxide. 

23. A process as defined in claims 1 3 and 14, wher^ the extrudafe has 
a temperature of at l^st 130°C. 

24. A process as denned in claim 23 wherein the extrudafe is aged at 
25 least 48 hours at a temperature of at least SCC. 
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25. A process as defined in claims 13 and 14, wherein the grinding 
produces a par^late material comprising particles ranging in size from 89 pm to 589 pm. 

26. An ^sort)ent mixture comprising: 

a) an absorbent material as defined in claim 1 ; and 

5 b) a co-absorisent material. 

27. An absort)ent mixture as defined in claim 26, wherein the absorbent 
material comprises particles rangmg in si:^ from 89 to 589 microns. 

28. An absorbent mixture as defined in claim 27, wherein the co- 
absorbent material is selected from the group consisting of synthetic superabsorbent 

1 0 polymers, mannose containing polysaccharides, ionic polysaccharides, frisers and mixtures 
thereof. 

29. An absorbent mixture as defined in claim 28, wherein the synthetic 
superabsorbent polymers are obtained by polymerization of monomers selected from the 
group consisting of araylic acid, acriylate salts, acrylic ester, acrylic anhydride, methacryllc 

1 5 acid, methacrylate salts, methacylic esters, meOiacrylic anhydride, maleic anhydride, nnaleic 
salts, maleate esters, acrylamide, acrylonitrile, vinyl alcohol, vinyl pyrroRdone, vinyl acetate, 
vinyl guanidine, aspartic acid, aspartic salts and mixtures thereof. 

30. An absorbent mixture as defined in claim 28, wherein the mannose 
c(»itaintng polysaccharides are selected from the group consisting of guar gum, tara gum, 

20 locust bean gum, konjac, mesquite gum, psyllium extracts, fenugreek extracts and mixtures 
thereof. 

31. An absorbent mixture as defined in claim 28, wherein the ionic 
polysaccharides comprise anionic and cationic pc^^ccharides. 

32. An absorbent mixture as defined in claim 31, wherein the anionic 
25 polysaccharides are selected from the group consisting of carboxyalkyi polysaccharides, 

oxidized polysaccharides, sulphated polysaccharkles, polysaccharides half-esters, 
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carboxymethyl cellulose, carboxymeth^ starch, xanthan, cairageenans, pectin and 
mixtures fiiereof. 

33. An absorbent mixture as defined in claim 28, wlierein the fibers are 
selected from the group consisting of cellulose, viscose, rayon, celiulose acetate, Nylon™, 

5 polyalkylenes, polyethylene, polypropylene, bi-component fibers, polyesters, polylactldes, 
polypropanediols, Lyocelt™, sphagnum and mixtures thereof. 

34. Use of the absorbent mixture of claim 27 in the manufecture of an 
absorbent product for absorbing liquids selected from the group consisting of aqueous 
solutions, water, physiological solutions and saline solutions. 

10 35. The use as defined in claim 34, wherein the absorbent product is 

selected from the group consisting of diapers, incraitinence articles, sanitary naii^ins, 
wafer-storing materials, absorbent paper products, surgical absorbents, pet litter, 
bandages, wound dressings and food absorbent pads. 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 



C& 02462053 2004-03-26 




Figure 8 



